There are many methods for extracting DNA before amplification by the polymerase chain reaction (PCR). Each has advantages and disadvantages, and all work reasonably well on relatively large quantities of fresh material. However, difficulties are encountered when the specimen is small or in poor condition (as is often the case with forensic and archaeological material) or contains inhibitors of PCR. To overcome these problems, an immunoaffinity method has been developed. It uses monoclonal anti-DNA bound to paramagnetic beads and is extremely efficient in extracting DNA at low concentrations. Also, the beads carrying the DNA/anti-DNA complexes can be added directly to a PCR mixture without elution, and the presence of any PCR inhibitors in specimens has no effect on amplification.
Spleen cells were harvested from an (NZW × NZB) F1 mouse suffering from murine systemic lupus erythematosus (2), a condition characterized by the development of autoantibodies to DNA. The cells were hybridized with mouse myeloma cells to produce a monoclonal antibody of IgG2A class that demonstrated anti-double-stranded (ds)DNA specificity by the Crithidia luciliaedsDNA test (The Binding Site, Birmingham, England, UK). Using enzyme-linked immunosorbent assay (ELISA) techniques, the antibody was shown to react strongly with DNA from a variety of species (human, bovine and salmon) and weakly with plasmid DNA and oligonucleotides of approximately 20-mer in length. It also had weak but similar reactivity against 20-mer oligonucleotides of both GCGCGC... and ATATAT... composition. Initial studies showed that the antibody reacted well at 20°C, with optimal binding occurring in the presence of 1% Nonidet ® P-40 (Fisons Scientific Equipment, Loughborough, England, UK) and 145 mM NaCl; protein concentrations of greater than 5 mg/mL tended to inhibit the reaction. The antibody was bound to Test samples, consisting of 0.05 mL of fresh blood, 1 cm 2 of blood-stained gauze or 0.5 g of powdered bone, were incubated at 56°C in 3 mL of digestion buffer (0.5% Na 2 EDTA, 0.1 M Tris base, pH 7.8, 0.1 M NaCl, 1% Nonidet P-40) and 100 µ L proteinase K (20 mg/mL) for varying times (30 min for fresh blood, up to 36 h for bone) and centrifuged at 4000 × gfor 10 min. The supernatants were collected, and approximately 20 ×10 5 antibody-coated beads were added and incubated at 20°C with constant mixing for varying periods (2 h for blood, 24 h for bone extracts). The beads were recovered magnetically, washed 3 times with 3% fetal calf serum in isotonic saline and once with sterile, filtered, distilled water. They were resuspended in either sterile, filtered, distilled water or reaction mixture and immediately subjected to PCR (approximately 16× 10 5 beads per reaction). Full controls were included in each test run. Amplification products were visualized with UV light after electrophoresis on ethidium bromidestained agarose gels. Five or six extractions could be carried out on the same sample preparation. It was found that 10 5 antibody-coated beads would bind a maximum of approximately 5 ng of DNA.
Studies using known quantities of DNA in serial dilution showed that high-quality amplification products could be obtained with the immunoaffinity method from 1-mL volumes at concentrations as low as 0.005 ng/ µ L, whereas the lower limits (in our hands) using the Dynabeads ® DNA Direct ™ Kit (Catalog No. 630.02; Dynal) and silica-binding (1) techniques, were 5 and 1 ng/ µ L, respectively (Figure 1 ). This superiority was maintained with the biological specimens. Using the immunoaffinity method, DNA was amplified from all of 210 fresh blood samples tested; full HLA-DR/DQ typing was carried out by PCR sequence-specific primers (SSP) on 10 of them; the results corresponded in every case to the type obtained using standard laboratory protocols. Amplifiable DNA was also readily extracted from 39 dried blood stains ranging from 1 day to 26 years old (including 2 specimens known to contain PCR inhibitors) and from a bone dated to 100 AD. With the silica-binding technique, 11 of the blood stains and the bone specimen failed to give amplification products; those specimens (blood stains) where amplifiable DNA was obtained were all less than 6 years old.
The immunoaffinity technique described here represents a significant improvement on methods currently used to extract DNA, particularly where samples have low concentrations of DNA or where the material is in poor condition. Isolation of RNA from dense connective tissues that are both hypocellular and somewhat resistant to tissue disruption is a technical limitation to molecular biological investigation of such tissues. Tissues such as ligaments, tendons, cartilage, intervertebral discs and menisci from mature animals are composed primarily of a tough matrix of collagens and proteoglycans with very few cells (5). A number of investigators have developed methods to address some of the problems associated with these tissues (1,3,6,9), but, based on our experience with mature rabbit tissues where samples of 10-100 mg wet weight were to be analyzed, very inconsistent results were obtained.
Rapid Isolation of Total
Therefore, we have evaluated a number of published methods and commercially available kits to isolate total RNA from rabbit ligaments, cartilage and menisci and have found that combining aspects of two of these leads to the reproducible isolation of maximal amounts of RNA that is intact based on both Northern blot and reverse transcription polymerase chain reaction (RT-PCR) results. This method has been called the TRIspin method.
Skeletally mature New Zealand White (NZW) rabbits (12-15 months old) were euthanized by an overdose of 
